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INTRODUCTION

Our primary task was to generate a set of scenarios involving decreases in survival and reproductive
success that reduce the annual growth rate of the mid-continent population of lesser snow geese. By
implementing management actions corresponding to those scenarios, the numbers of lesser snow geese in the mid-
continent population should decline. Oncethe population reaches a size that prevents further damage and allows
recovery of damaged areas, management actions can be changed to use scenarios that hold the population size
near that new level.

One of the problems modeling or monitoring the system is knowing how many geese there really are.
Our best current estimates are from the mid-winter surveys. These serve as indices since the sample counts may
miss some individuals (and groups) and may include some more than once. If we assume that the surveys are
performed consistently (even if biased) and assume that annual changes in the indices are representative of
changes in the entire mid-continent population, then annual growth rates based on the indices (indexed growth
rates) can be taken as an unbiased estimate of the annual growth rate (A = N,,, / N, ) of the mid-continent
population. The current indexed growth rate is A = 1.049 (Figure 1) and is used both as an initial point of
reference for our modeling and for monitoring purposes.

Inthisreport, we develop scenariosthat lead to growth rates over therange A = 1.05, ..., 0.5. To provide
somefed for the impact of instituting management plans corresponding to those growth rates, we modeled the
dynamics of hypothetical populations of lesser snow geese that began at either 3,000,000 or 5,000,000
individuals (Figure 2a,b). The underlying model ( N, = N xA') assumes no density dependence. This assumption
islegitimatein the case of a population that has increased its numbers due to an increase in carrying capacity of
the environment. We have indicated the Central and Mississippi Flyway Councils Regulatory Threshold value
of 1,500,000 as a point of reference. Please notethat thereisno a priori reason to supposethat thisisthe
population size that prevents further damage and allows recovery of damaged areas of the arctic
ecosystem.

! Comments should be addressed to this author. They can also be e-mailed to rfr@amnh.org.
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Obvioudly, the lower the growth rate is below 1.0, the faster the population declines. It must be kept in mind,
however, that habitat monitoring is a key component to this program and implementation may take 3to 5 years.
Assuch, it might bejudiciousto avoid extremely quick reductions (such as those achieved with values as low as
A = 0.5 or 0.6) since we might not have monitoring in place before the population was reduced substantially.
Growth rates within the range of A = 0.7 to 0.9 would seem more appropriate, at least for a population of
3,000,000.

In a more general fashion, it is possible to calculate the time it would take to reduce a population of
unknown size by aspecified proportion. We generated a set of such times for arange of reductions over a series
of different growth rates (A<1) and summarized them in Table 1. Again, allowing for time to get habitat
monitoring in place, growth ratesin the range of A=0.7 to 0.9 may be the most reasonable.

MODEL

Theannual cycle of lesser snow geeseisillugtrated in Figure 3. We evaluated annual population growth
dynamics and developed our scenarios with a birth-pulse matrix projection model that coincides with the
synchronous breeding pattern of the birds. Given what we know about age-specific differencesin reproductive
suceess, we used a 5 stage model of age classesi = 1, 2, 3, 4, 5+ that correspond to ages 0-1, 1-2, 2-3, 3-4, >4.
We assumed a post-breeding census that begins accruing annual mortality immediately after each individual
advances 1 age class and reproduces. We equated fledging with “birth” and used it as a point of reference for
reproductive output. Finally, we collapsed seasonal mortalities into asingle annual product.

The annual cycle can be reduced to the ssimple life cycle graph depicted in Figure 4. The 9 transition
paths are estimated as:

F =BP x (TCL;/2) x (1-TNF;) x P1, x P2 x (1-TBF;) x P3, xs, fori=1.2,...5 (1)
P=5 ()
P=s fori>1 ©)]

wherefor age classi: BPis breeding propensity, TCL is clutch size, TNF istotal nest failure, P1 is egg survival,
P2 is hatching success, TBF istotal brood failure, P3 is godling survival and s, and s, are the annual survival
probabilities for juveniles (age = 0-1) and adults (age > 1) respectively. Additional technical details regarding
these variables are found in Table 2. We reduced clutch size by ¥2to focus on females only.



Table 1. The number of vears required 1o reduce a population to a specified percentage of its initial
size under various growth rates.

Growth rate (1)
Percent reduction
0.9 (.8 0.7 0.6 0.5
20% i 2.118 i 1.000 0.626 0.437 0.322
30% 3.385 1,598 1.000 {1,698 (L3135
40%% 4.848 2,289 1.432 1.000 0.737
50% 6.579 3.106 1.943 1.357 1.000
00% 8.697 4. 106 2.569 1.794 1.322
70% 11.427 5.396 3.376 2,357 1.737
0% 15.280 1123 4.512 3.151 2322
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Table 2. Estimates of reproductive and survival paraometoers for the La Pérouse Bay colony

Apc f'lln.::.-q g
Comporent . = 5 3 e
Direeding Propoo=ity (1303 VTR 0. 3500 O. 7700 BR300 O _ES00
.T|:1-|.|.1.I Cluich Size (TCLY [VRRTRTNTY] 3, 53905 3. 9500 4 2545 A4 179
Total Meat Failure (THREF) O3 00D OOES0 (hIVESCH (b AH S0 ORS00
TFaa Survival (1*1) EVRON TN THEY y Nna7la 0.96TT O.97TRT LR )
Hatching Success (P2 LR THEW] 053540 (3, SR 3300 0,25 440 0340
Total Brood Failuce CUEF) L0 0.0735 LOT35 LU Wi et 0 AOF3S5
_t'im-.]ing Survival (I*3) O DHOCICE R e (. FO5E3 O.Ga59 D.GESS9
Acpnual Survival L n L] O BGO0 b, Bl Db (L B LU {1 ]

Trelind tions:

Brecding Propensity is the probabidlity thad o female who is alive at time U actually lareeda,

Notal Clutch Laid is the wial numibsr of cges laid by a female.

Woial MNest Failure is the probabilivy that o fomals: loses her entire clutch of epes during: incubaticn.

Epe Survival is the conditional probability then a single epp in o clutch survives throogh the
incubation pericd gives that the clutch did not Gl weally,

Iatching Success is the probability that on egg that survives during incubation haiches and that the
gosling leawves e nest.

Toinl Brood Failure is the probalality that a female loses her enlioe brood of poshoss ducing the
rericd Froaom hatching o Moedging.

Gosling Survival is the conditional probability that a single gosling in a brood survives the period
Berwesn hatching and fledging gives that the boood s not totally Josi.

Annual Survival is the probability that an individeal sorvives the period from when i is age = i-1
to apge x = i. For age class i = | this means surviving from fledging (x = i-1 = 0} to the lirst
anmiversary of fledpging (x =1 = 1}

rlote thot we dichotomise losses during both the incubation (TN wd P13 and the brood rearing
(TRF and P3) periods (o account for Bimodalitoy in the distributions ol those lossces,



The life cycle graph was cast as the Ledlie style matrix A for evaluation of annual growth rate of the
population. The population was represented as the vector n where the elements correspond to the number of
individualsin each age class. Theform of A and n are:

0F,F,F F n,
P, OO 0O O n,
A= 0P, 00O n o= n
0 0P, 00O n,
00 0P, P N

The population was modeled or “projected” through timeas. n, = A xn,, . The growth rate A was estimated
from A using standard techniques of linear algebra.

CHOICE OF MODEL PARAMETERS

In sdlecting estimates for each of the parameters, we are limited by the fact that our best estimates come
from the long-term study at La Pérouse Bay and may not be applicable to the entire mid-continent population.
Adult survival for La Pérouse Bay birds hasincreased over the past 25 years but the pattern and extent do not
appear to differ from less precise estimates for adults from either the Cape Henrietta Maria or West Hudson Bay
colonies. Indeed, the increased survival of adults has likely been amajor cause of the mid-continent population
growth. The La Pérouse Bay estimate for this parameter seems generally applicable.

Reproductive success and first-year survival are more difficult issues. Reproductive success has declined
substantially for those birds that continue to nest and rear their broods within the historical confines of the La
Pérouse Bay colony. This reduction is no doubt related to habitat degradation in that region and the current
estimates of reproductive success from La Pérouse Bay seem somewhat inappropriate for modeling the entire
mid-continent population. For that reason, we have used estimates taken from the 1973 to 1984 period when the
vegetation at La Pérouse Bay was above the threshold for adequate foraging and gosling growth.

A second problem using reproductive success estimates from La Pérouse Bay for modeling the mid-
continent population is that La Pérouse Bay is one of the more southern colonies. As such, females may arrive
with proportionately more food reserves and may be subject to fewer weather-related delays that could result in
clutch size reduction through follicular resorption. The La Pérouse Bay females are also less prone to the
irregular total failures associated with exceptionally late melt in the higher arctic. All else being equal, then,
overall reproductive success at La Pérouse Bay might be higher than at more northern colonies.

Mortdity during thefirst year (1-s,) reflects both hunting and non-hunting losses.  Although non-hunting
mortality accrues over the entire year, it isthought to be especidly high during the immediate post-fledging period
and during the early, staging portion of fall migration. Mortality related both to hunting and to the condition of



staging habitat, where birds from severa colonies mix, should have the same impact on most juveniles, regardless
of their colony of origin. In contrast, local habitat conditions may have a major impact on immediate post-
fledging losses and this component of first-year mortality may be colony specific. Recent estimates of first year
survival from La Pérouse Bay may be too low for modeling the mid-continent population since local habitat is
saeverely degraded. However, values from the mid to late 1980's may provide a reasonable estimate since they
predate severe degradation at La Pérouse Bay but include the more global impacts of hunting and the general 1
to 2 decade decline in the condition of common staging habitat in lower Hudson and James Bays.

The reproductive and survival parameter estimates from La Pérouse Bay for the period before habitat
degradation began severely impacting local success are summarized in Table 2. The values of the associated
Lediematrix areillustrated in the life cycle graph given in Figure 5. The population growth rate based on these
estimates is A = 1.107 which is higher than the indexed estimate of A = 1.049 (with 1.037-1.061 as the 95%
confidence interval).

As explained above, it is possible that components of reproductive success estimated before severe
habitat degradation at La Pérouse Bay could be higher than those for more northern colonies (which make up
most of the mid-continent population). If that isthe case and if we assume the indexed rate is correct, it seems
reasonable to modify the estimatesin Table 1 to generate a set of data more appropriate to modeling the entire
mid-continent population. We changed adult survival to 0.88, the most recent (1987) value available from the
analyses of the La Pérouse Bay band recovery data. We changed juvenile survival to 0.30, the corresponding
vauefor that same year. The population growth rate incorporating only those two changesis A = 1.081 which
is gtill above the indexed estimate.

If we retain those more recent surviva estimates and reduce our estimate of overall reproductive success
by 18.6% - avaue consstent with 1 complete failure every 9 years or areduction in each reproductive component
of 3%, we arrive a valuesfor the Ledlie matrix illustrated in the life cycle graph given in Figure 6.  The growth
rate for this set of estimatesis A = 1.052.

Sincethetrue vauesfor the fecundity components of the entire mid-continent population are not known,
we proceeded using the two sets of estimates illustrated in Figures 5 and 6. We will refer to them asthe La
Pérouse Bay and mid-continent data sets, respectively. As will become clear in the following section on
eadticity analyses, conclusions regarding management options and scenarios for reducing growth rate of the mid-
continent population are largely independent of which of these setsisfinally chosen.

ELASTICITY ANALYSES

The dadticity of any dement in alLedie matrix isits proportionate contribution to the growth rate of the
population (they sumto 1). Each elasticity can aso be viewed as the proportional change one would expect in
the growth rate given a proportionate change in that dement. Changing those elements with higher eagticity will
alter the growth rate more than changing those with lower easticities.

The dadticities of the 9 elements are depicted in Figure 7a aong with the parameter estimates of those
elements. Not surprisingly, the composite age dements (Ps; ) each have higher elasticities than their single age
element counterparts (P, P, P, P, ; F, K F, ). ThedementsR, B, R and P depend exclusively on the same
demographic variable s, (equation (3). The sum of their elasticities are 0.747 and 0.679 for the mid-continent
and La Pérouse Bay data sets, respectively, indicating that these 4 elements account for 74.7% and 67.9% of the
projected growth of the population.
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Figure 5. Life cycle graph for the lesser snow goose. La Perouse Bay data set.
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Figure 6. Life cycle graph for the lesser snow goose. Mid-continent data set.
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To examinethe generality of the latter result, we estimated el agticities for three example sets of estimates
that cover arange of survivals, fertilities and growth rates (Figure 7a). In al cases, these 4 adult survival
components account for more than 65% of the elasticity and are thus the primary determinant of population
growth. Assuch, it is apparent that minor adjustments to the estimates of reproductive success, such as those
to account for inter-colony differences, will have little impact on the overall dynamics or growth rate of the mid-
continent population.

Adult survival (s,) actually contributes more to the control of A than pooling the elagticities of the
elements P,, P,, P, and R, indicates. Since we used a post-breeding census model, s aso contributes to the
eementsF,, F;, F, and F; (equation 1) and a portion of the elagticities of those matrix elements “belongs’ to s,
. Similarly, life cycle parameters such as clutch size, nesting success, etc. contribute to more than one element
in the matrix (i.e, F,, F;, F, and E - equation 1). We estimated the contributions of each of the life cycle
parameters (Table 2) to the elasticity of A by partial differentiation. Those contributions, depicted in Figure 7b
for the mid-continent and La Pé&rouse Bay data sets, are termed “lower leved elasticities’. While they do not sum
to 1 (asdo the higher levd dadticities), they do provide ardative measure of the impact of a proportionate change
in each parameter on A.

Adult survival clearly makes the highest relative contribution to the growth rate of the mid-continent
population. It isalso the variable that offers the greatest numerical potential for altering that growth rate. For
example, a10% reduction in adult survival would result in more than a 5-fold greater reduction in A than would
a 10% reduction in any contributor to reproductive success. It must be kept in mind, however, that the
management utility of such high elasticity variables aso depends on whether they can be altered to the levels
required to effect desired changes in growth rate. In some cases, it may be politically or economically more
feasible to institute management actions that combine changes in both high and low elasticity variables.

SCENARIOS
Increasing Adult Mortality

We examined the effect of increasing adult mortality on population growth rate by decreasing adult
aurviva fromitsinitial estimate s, = 0.88 (mid-continent) and s, = 0.86 (La Pérouse Bay) to 50% of that initial
edimaein 5% increments. (The serieswas s, .95%s, .90xs,,..., .50xs,.) Thisresulted in reducing A from 1.052
to 0.583 for the mid-continent data set (Figure 8a - adults only) and from A = 1.107 to 0.629 for the La Pérouse
Bay data set (Figure 8b - adults only).

Joint Harvest of Adults and Juveniles

Although one might attempt to selectively increase only adult mortality through harvest, it islikely that
hunterswould increase their direct harvest of juveniles at the same time. Weinvestigated this for both data sets
by decreasing both adult and juvenile survival at the sametime. Itiswiddy believed that part of the difference
in adult and juvenile survival reflects an increased relative vulnerability of juveniles to hunting mortality.
Unfortunately, it is not known whether that increased relative vulnerability itself depends on the level of adult
mortality or harvest pressure.

To gain someinsight into both effects, we performed two sets of simulations. In the first, we assumed
that increased juvenile rdative vulnerability was independent of the level of adult mortality. That is, we assumed
the ratio of juvenile survival to adult survival (s,/ s,) did not change as adult mortality increased (Figure 9 -
congtant vulnerability). The decreasing survival series used in the smulationswas: s,, .95xs,, .90xs,, ..., .50xs,
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for adults and s,, .95%s,, .90xs,, ..., .50xs, for juveniles. The joint effects of these reductions are indicated by
the “adult and juvenile - increased juvenile mortality constant vulnerability” plots on Figures8aand b. The
impact of increasing the mortality of both adults and juveniles (through harvest) isto lower A at afaster rate.

In the second simulation, we increased the relative vulnerability of juveniles as adult mortality increased
such that the ratio of juvenile survival to adult survival (s,/ s,) declined to O over the range of increased adult
mortalities examined (Figure 9 - increasing vulnerability). We used this extreme rate of increase in vulnerability
(juvenile surviva reaches 0% of itsinitial value when adult survival reaches 50% of itsinitial value) in hopes of
defining the extreme limit of such an effect. The decreasing series used was: s, .95xs,, .90xs,,..., .50xs, for
adultsand g, .90xs,, .80xs, ..., .00xs, for juveniles. Thejoint effects areindicated by the “adult and juvenile -
increased juvenile mortality increased vulnerability” plots on Figures 8aand b. Theimpact of increasing adult
mortality and both the mortality and relative vulnerability of juveniles at the same time is higher than the other
scenarios. Since we used an extreme pattern of relative vulnerability, it islikely that reality lies between the two
“adults and juveniles’ curves on Figures 8aand b.

Itispossiblethat increases in adult harvest could reduce juvenile survival independently of increasesin
juvenile harvest. If one or both parents are required to successfully shepard their young through their first
migration south, their first winter and/or their return north the following spring, then increased adult harvest could
increase non-hunting mortality of juveniles. If thiswere the only source of increased juvenile survival, then the
relation of A to increased adult mortality would be identical to the joint harvest situation with constant
vulnerability in Figures 8aand b. If theincrease in adult harvest resultsin this“ parental care” effect aswell as
an increase in juvenile harvest, then again, redlity likely lies between the two “adults and juveniles’ curves on
Figures 8aand b.

Egg Harvest

Harvesting eggs from the nests of laying and incubating females reduces the reproductive success of
those individuals. From the perspective of our model, such egging can be viewed as areduction in clutch size
(TCL), anincreasein nest failure (TNF) or areduction in egg survival (P1). Since our projections of population
growth rate use the product of these (and other) variables as acompodte fertility (F, in Figure 4 and equation (1)),
we examined the potential impact of egging on population growth rate simply by decrementing overall fertility.
The decreasing fertility series used was: F,, .95xF;, .90xF,, ..., .50xF, with the reductions applied equally over
the age classes. The effects of decreasing fertility on the population growth rate A is depicted in Figures 10aand
10b for the mid-continent and La Pérouse Bay data sets, respectively. For reference, we included the effect on
A of reducing adult survival by the same proportionate amounts (s,, .95xs,, .90xs,, ..., .50xs,).

Consistent with the elasticity analyses, reductions in fertility do not have nearly as great an impact on
A asdo equally proportionate reductionsin adult survival. For the mid-continent data set, for example, it takes
a5.7% reduction in current adult survival (to .943xs,) to make the population decline (A = 0.9999). By contrast,
it requires a35.8% reductionin fertility (to .642xF,) to achieve the same thing. To appreciate the magnitude of
the latter action, assume that there are 2,500,000 nesting females in the mid-continent population and that the
entire fertility reduction is to be accomplished by egging which we will view as a decrease in nesting success.
Our current estimate for nesting successin the mid-continent data set is (1-TNF) = 0.7448, obtained by applying
the entire 18.6% reduction in the La Pérouse Bay data set to nesting success (see above.) Reducing the current
level of nesting success by 35.8% to 0.4782 (.642x.7448), we find that 1,304,500 (=2,500,000 x (1 - 0.4782))
nestswould havetofail totally to force A just below 1.0. Thisisan increase of 666,500 nests over the 638,000
nests currently expected to fail totally (=2,500,000 x (1 - 0.7448)). Assuming a modal clutch size of 4 eggs
(averaged over the age classes), it would require the collection of 2,666,000 eggs from the additionally harvested
nests to force the mid-continent population’s growth to alevel just below A < 1.0.
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Asalagt bench mark, reducing fertility by 5.7% (to .943 x F,) reduces A from 1.052 to 1.044 rather than
to A < 1 aswas the case when adult survival was reduced by this proportion (above). If that fertility reduction
were again achieved solely through egging, it would require the collection of 142,000 eggs.

APPLICATIONS

The overall strategy of the Habitat Working Group is to: 1) decrease the growth rate of the mid-
continent population to some A<1 using a management program of reduced survival and reproductive success
and monitor the population to see that the appropriate decrease and reductions are achieved; 2) monitor the arctic
coastal ecosystem and when the population size is at a level that is causing no further damage, change the
management program to one that alows the population to stabilize with agrowth rate of A 1.0. The size of that
stabilized population should become the new Regulatory Threshold.

We presented a sat of scenariosthat relate A to decreasing adult mortality, decreasing adult and juvenile
mortality and decreasing fertility. Before choosing one or more of them, an appropriate initial value for the
reduced A must be selected after several factors are considered. These include both the size of the current mid-
continent popul ation and the time frame over which it should be reduced. The latter, of course, depends on the
new regulatory threshold size - a value we can not really know in advance.

The smulations depicted in Figures 2a and 2b and the values in Table 1 provide some guidance. If we
accept that it will take 3 to 5 years to get an ecosystem and goose monitoring program in place and begin
collecting relevant data and if we use the current regulatory threshold of 1,500,000 as a first approximation of
anew dabilized target, then A< 0.8 seemstoo severe, even for a current population of 5,000,000. If the current
population is closer to 3,000,000, then a growth rate closer to A=0.9 would seem more appropriate. In the
following example, we assume the current population is between these estimates and we set theinitial reduced
growth rate at A=0.85.

Giventhe elasticities of the parameters, it istempting next to appeal soldly to adult survival and make
it the focus of our management efforts. As mentioned above, this is not always best and our view is that an
approach combining reductions in surviva with reductions in fertility through increased harvest of eggsisa
reasonable overall course of actionto lower A. It isalso our view, however, that the dasticity of fertility issuch
that even asubstantial increase in egg harvest will be insufficient to appreciably alter reduction scenarios based
on adult mortality. As such, we will focus the rest of this section on increasing adult and juvenile mortality and
calculating associated harvest estimates.

We center on the 3 models that consider joint harvest of adults and juveniles and only on the mid-
continent data set. To that end, we have recast Figure 8a as Figure 11, adding a horizontal that correspondsto
A=0.85 and dropping perpendiculars from the intersections of the horizontal with the 3 models. Those
perpendiculars intersect the x-axis at points that give the adult mortality needed to achieve A=0.85 under each
of the moddls. For the “adult only” modd, an annual adult mortality of 0.312 isrequired to achieve A=0.85. This
mode assumesthat thereis no increasein the harvest of juvenilesin the face of increased adult harvest and does
not seem too realistic. It wasincluded primarily as a point of reference.

It is more reasonable to assume that there will be an increase in the harvest (or at least mortality) of
juveniles associated with any increase in adult harvest. What is not clear is whether that increase will be
proportional to the increased harvest of adults (Figure 8 - constant vulnerability) or whether juvenile mortality
will increase disproportionately with increased adult harvest. The latter could result from increased vulnerability
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(Figure 8a) and/or decreased parental care. Redlity likely lies between these two models, indicated on Figure 11
by the 2 adults and juvenileslines. This gives us arange of adult mortalities from 0.27 to 0.29 that would lead
to A=0.85. It should be recalled that associated increasesin juvenile mortality are built into the models and do
not need to be expressly calculated.

We assume that increasing adult mortality from its current level of 0.12 (1-s,) to anew level between
0.27 and 0.29 will be achieved with hunting mortality. Assuch, thefinal translation of increased adult mortalities
into a management plan must consider the relative contributions of hunting and non-hunting sources to adult

mortality. The approach we have taken is based on recoveries of banded individuals and the data we have used
comes from the banding program at La Pérouse Bay.

By way of review, let:

f = recovery rate (probability that a banded bird is shot, retrieved, and has the band
reported)

H = harvest rate (probability that abird is shot and retrieved)
= reporting rate (probability that the band is reported from a banded, harvested bird)
K = hunting mortality rate (probability that abird islethally shot)
c = retrieval rate (probability that alethally shot bird is retrieved)
K isthevaluewe seek and it can be found from the relationships: H=f/ and K=H/c sotha K=f/ /c.
Although recoveries of birds banded at La Pérouse Bay declined over the 20 year period from 1968 to
1988, there was little decline after 1980. We used the unweighted mean of the 1980-1988 estimates as an
estimate of direct recovery rate f = 0.0254. Using traditional estimates from mallard duck banding studies of
=0.38 and aretrieva rate of ¢ = 0.80, wefind that K = 0.0836. If we define E as non-hunting mortality rate and
assume additive mortality of the instantaneous rates, we find that annual adult survival rate s, = (1-K) x (1-E).
Given our estimates of s, = 0.88 and K = 0.0836, we find E = 0.0398.
We then find the K’ s associated with our new mortality rates of m,,,, = 0.27 and m4, = 0.29 as:
Kiw= 1-(.73/.9602) =0.2397
Khign = 1-(.71/.9602) = 0.2605

To achieve A = 0.85, then, we will have to increase the current hunting mortality rate K=0.0836 by a factor
between 2.87 and 3.11.

The most recent average estimate of actual harvest, based on hunter surveys and the parts inventory, is
approximately 305,000. If we assume that this estimate, like the mid-winter inventory, is a representative index
of true harvest rather than the actual total harvest and if we assume that the retrieval rate remains the same, then
to achieve areduction in growth rate to A=0.85, this harvest index will have to increase approximately 3-fold to
915,000 birds.

Once the population size begins going down, the actud tota harvest required to sustain an adult mortality



between 0.27 and 0.29 will necessarily decrease. The latter stems from the relationship of hunting mortality rate
to total harvest number and population size. If we let G be the total number of geese harvested and G/.8 be the
tota number killed by hunters, then the hunting mortdity rate at timet can be estimated as K, = (G/.8) / N, where
N, isthe population sze at timet. If G/.8 remains the same each year and N, declines, then K, must increase and
so must the adult mortdlity rate. Asthe adult mortality rate increases, the population growth rate declines below
A=0.85 and the population will decline at an ever-increasing rate. While overshooting the annual mortality rate
for afew years may not stress this population, the practice should not be continued indefinitely.

To avoid the Situation, total number of geese harvested should be reduced as the popul ation declines to
hold adult mortality constant. If we view the actual harvest estimate as an index, then regulations must be
adjusted annually so that it remains at approximately 3 timesthe current estimate. If we view it asthe actual total
harvest, then regulations must be adjusted annually so that it decreases at arate that maintains adult mortality
between .27 and .29.

As an alternative, comparative example, assume that we seek an initial reduction in the population
growth rate that is less severe so that our initial A = 0.95. From Figure 11, we can find m,,,, = 0.20 and my;, =
0.21. Following procedures outlined above, we then calculate K, = .1668 and K;,, = 0.1773. Referring to the
current hunting mortdity rate K = 0.0836, wefind that to attain A = 0.95 we will have to increase current hunting
mortality rate by afactor of 1.99 to 2.12.

CONCLUSIONS

Our moddling is based on astrategy that seeks to reduce popul ation growth rate to some sustained level
with A < 1.0 until atarget population size can be achieved and stabilized by altering that strategy sothat 4 1.0.
The estimates for mortality and harvest reached in the above examples are based on our assumptions regarding
current population size, time span for reduction and a rough, first approximation of the stabilized target
population that is approximately 50% of the current population size. Different assumptions will lead to
somewhat different values under this type of strategy but will likely require that a harvest index be increased to
alevd 2to 3timesthe current values for several years. Such an increase in harvest will lead to a growth rate of
between A = 0.85 and A = 0.95 and require 3 to 7 years to reduce the mid-continent population to 50% of its
current level (Table 1). Itisnot known whether the coastal tundra can support a population of that reduced size
without suffering further damage.
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